In a randomized crossover study, the pharmacokinetics of three new cephalosporin antibiotics, cefaclor, cefadroxil, and CGP 9000, in comparison to cephalexin, were determined after oral administration, by capsules, of 1,000 mg on an empty stomach in 12 normal subjects. Serum concentrations were measured during a period of 8 h, and urine recovery was measured during 24 h. The significant parameters of bioavailability of an orally administered substance were determined. The maximal serum concentrations (y,,,) for cephalexin, cefaclor, cefadroxil, and CGP 9000 (in milligrams per liter) were: 38.8 ± 8.1; 34.6 ± 7.8; 33.0 5.4; and 23.3 ± 7.3, respectively. The areas under the curve (in hours x milligrams per liter) were: 93.0 ± 14.8; 74.5 ± 9.9; 70.1 ± 9.0; and 108.5 ± 18.4, respectively. In a further crossover study with six subjects, 1,000 mg of cephalexin and of cefadroxil were given during a standard breakfast. The y,,. of cephalexin decreased to 23.1 ± 6.6 mg/liter, in contrast to cefadroxil, with an unchanged y, . of 32.7 ± 3.4 mg/liter.
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The use of oral cephalosporins as alternative agents to penicillins for outpatient therapy has increased in recent years because of concern over allergic reactions to penicillins and because of the increased number of,-lactamase-producing staphylococci. Slight changes in the basic structure of the hitherto existing oral standard substances (cephalexin or cephradine) led to three new oral cephalosporins (Fig. 1 ).
According to investigations by various authors (4, 21, 24) , cefaclor is more active than cephalexin against Escherichia coli, klebsiellae, Proteus mirabilis, salnonellae, shigellae, and Haemophilus influenzae. In experimental infections in animals, CGP 9000 proved to be superior to cephalexin (27) . The bioavailability of cephadroxil administered orally is superior to that of cephalexin (10, 22) . In the present study, the pharnacokinetic parameters of these three new substances and cephalexin were compared after oral administration to each of 12 fasting subjects. In addition, the influence of simultaneous food intake on the absorption of cephalexin and cefadroxil was examined in six test subjects.
( (13, 16) .
Bioavailability comparisons on a given antibiotic were performed by using K,, Xma,, and ymax to characterize rate of availability, and AUC to characterize total extent of availability once the statistical equivalence of K2 values in the crossover had been established (28).
Statistical evaluation. The distribution being abnormal for some of the variables, the Wilcoxon signed rank test was used for the analysis of significance of differences, and all hypotheses were tested at the P = 0.05 level of significance.
RESULTS
Cephalexin. Figure 2 shows the cephalexin serum concentrations for each individual volunteer and the serum regression curve. This figure demonstrates the pharmacokinetic basis of the calculation in all investigated substances. The cephalexin curve was a typical serum concentration curve, with a rapid rise to a mean peak concentration of 38 with equally rapid absorption (xmX, = 65.2 ± 11.1 min) but a lower maximal serum level of (34.6 ± 7.8 mg/liter) than cephalexin. An average of only 0.5 mg/liter could still be measured 6 h after application.
CGP 9000. CGP 9000 basically resembles the aforementioned substances in its serum kinetics. However, after nearly the same absorption period (xmax = 69.3 ± 18.1 min), this antibiotic had an average maximal serum concentration of 23.3 ± 7.3 mg/liter, which was clearly lower than that of the other two drugs mentioned. After 6 h, an average of only 1.1 mg/liter could be determined.
Cefadroxil. Cefadroxil had a serum concentration course which differed from those of the other three cephalosporins. Both the absorption and the elimination velocities of this substance were lower; the mean maximal serum concentrations of 33.0 ± 5.4 mg/liter could be reached later, i.e., after 102.4 ± 27.3 min on the average; and high serum levels could be maintained over a longer period of time (6 h, 5.4 ± 2.2 mg/liter; 8 h, 2.1 ± 0.8 mg/liter).
This different kinetic behavior of cefadroxil is clearly indicated in Fig. 3 , which shows mean value curves of the individual substances. The compilation of the pharmacokinetic parameters (Table 1) The low mean recovery rate within 24 h for cefaclor (52.7 ± 6.9%) could be explained by the hydrolysis of this substance in the urine or elsewhere (7). Within 24 h, a cefaclor inactivation of 50% could be measured in urine at 220C, whereas the other three substances had an inactivation of 11% at a maximum.
In six test subjects each, the serum kinetics and urine elimination were determined for 1,000 ANTIMICROB. AGENTS CHEMOTHER. mg of cephalexin or cefadroxil administered during a test breakfast. It is obvious (Fig. 4) that, although cephalexin absorption is slower (Xmax = 112 ± 23.4 min) and also has a clearly lower ymax of 23.1 ± 6.6 mg/liter, the extent of absorption is, in the final analysis, of the same order of magnitude as after fasting administration (AUC, 70.0 ± 9.1 h * mg/liter; urine recovery, 83.2 ± 23.4%). After intake with food, cephadroxil shows no change in its absorption characteristic (Fig. 4) . With 32. 1 ± 5.6 mg/liter (fasting) and 32.7 ± 3.9 mg/liter (nonfasting), the average individual serum peak concentrations are almost identical. DISCUSSION Criteria for assessing the bioavailability of orally administered substances are, in addition to the point of time and the level of maximal (5, 6, 8, 9, 12) . The cephalexin serum concentrations yielded by fasting and nonfasting application lie at the same order of magnitude specified by Griffith and Black (8) as well as by Speigt et al. (25) . Administration with simultaneous food intake leads to a slower absorption, with a delayed and reduced maximal serum level; the area under the curve and the urine recovery are about 10 to 20% lower for nonfasting intake than for fasting intake.
Our pharmacokinetic cefaclor results largely agree with the data of Bloch et al. (5) 
